High tibial osteotomy (HTO) is a procedure for treating medial compartment osteoarthritis (OA) of the varus deformed knee. Frontal and sagittal alignment after closed-and open-wedge HTO were compared radiologically in a matchedpair study. The mean intra-operative frontal plane correction (FT axis) was +7.5°f or closed-wedge HTO and +8°for openwedge HTO; it increased by +0.5°in closedwedge HTO and decreased by -0.5°in open-wedge HTO at last follow-up. Post-operatively, tibial slope had decreased by -0.5°in closed-wedge HTO and increased significantly by +3°in open-wedge HTO. Both techniques effectively and safely corrected varus deformity. A high degree of stability of the frontal plane correction was noted, however a significant change in the tibial slope after open-wedge HTO was observed post-operatively. As no loss of correction was shown, it may be related to the surgical technique rather than to the implant used.
Introduction
First described by Jackson and Waugh 1 in 1961, high tibial osteotomy (HTO) is a wellestablished procedure for treating medial compartment osteoarthritis (OA) of the varus deformed knee. In HTO, the bone of the upper tibia is cut and repositioned. Either a wedge is opened up to improve the alignment (open-wedge HTO) or a wedge of bone is removed (closed-wedge HTO). Good subjective and objective mid-term results of up to 80 -90% at 5-year follow-up have been reported for closed-wedge HTO. 2 -5 However, in light of the possible severe adverse events and the technical demands of closed-wedge osteotomies, medial openwedge HTO has become a popular technique. 4,6 -10 Several authors have reported that open-wedge HTO appears to cause minimal soft tissue scarring and less distortion of the proximal tibia, which is important for the correct implantation of the tibial component, should a secondary total knee arthroplasty become necessary. 8,11 -14 Conversely, open-wedge HTO can result in significant post-operative loss of correction compared with closed-wedge osteotomies. 15 -17 Angle stable implants with interlocking Open-and closed-wedge osteotomy screws promise better stability and less postoperative loss of correction. 18 -20 It is well known, however, that all techniques which correct frontal plane misalignment may also change sagittal plane alignment. 17, 21 Posterior tibial slope is considered to be an important factor in knee joint kinematics. 8,22 -26 The current retrospective matched-pair analysis of patients treated for medial compartment osteoarthritis with open-or closed-wedge HTO analysed the frontal and sagittal femorotibial (FT) knee alignment and compared the different osteotomy options.
Patients and methods PATIENTS
A review of archived medical records (including surgical reports and radiographs) was performed to identify all patients who underwent open-or closed-wedge HTO for the treatment of osteoarthritis of the medial compartment of the knee with a varus deformity in the Bruderholz Hospital, affiliated to the University of Basel, between 1996 and 2002.
For comparison of the closed-wedge HTO, described by Müller et al. 16 (Figs 1 and 2) , and the open wedge HTO using the Puddu plate (Arthrex, Naples, FL, USA) ( Fig. 3 ), subjects were matched with respect to gender, age, weight, height and body mass index (BMI).
RADIOLOGICAL EVALUATION
Standardized radiographs for each patient were analysed by one independent observer who had not been involved in the surgical procedure. The radiographs had been obtained under fluoroscopy in the radiology department of that institution, using the same technical equipment and team, preand immediately post-operatively, and at 4 and 8 weeks' and at 6 months' follow-up. A 35 × 43 cm cassette was used. The radiographs were anteroposterior full weight-bearing (in a one-leg standing position) and lateral with the patient prone and the knee flexed to 30°, which was controlled by goniometer.
The following angles and axes were measured. (i) The FT axis, defined as the angle between the anatomical axis of the femur and the tibia. The anatomical axis of the femur was defined as a line through the middle of the shaft at the junction of the middle and distal thirds to the centre of the knee joint. Values for valgus were defined as The width of the medial and lateral joint lines, measured by calculating the interbone distance between the outer edge of the tibia plateau and the outer turning point of the femoral condylus using a magnifying glass.
(iii) The tibial slope (tibial inclination), using the method of Oswald et al. 27 (Fig. 4 ). Different methods have been used previously to measure the tibial slope in lateral Xrays. 17, 21, 27 Since the normal anatomical tibial slope is in a posterior and downward direction, posterior tibial slope values were defined as positive (+) and anterior slope values were defined as negative (-).
STATISTICAL ANALYSIS
Unless otherwise stated, data are presented as mean ± SD. To analyse the differences between pre-operative, post-operative and last follow-up measurements for the two groups, t-tests for paired samples and for independent samples were performed. Goodness of fit with the normal distribution was proven with the Kolmogorov-Smirnov test. P-values ≤ 0.05 were considered to be statistically significant. The statistical package SPSS ® version 11.5 (SPSS Inc., Chicago, IL, USA) for Windows was used for all statistical analyses. 
FT AXIS MEASUREMENTS
The pre-operative FT axis values in the 
WIDTH OF MEDIAL AND LATERAL JOINT LINES
The pre-operative values for the mean ± SD width of the joint lines in the medial and lateral compartments were 4 ± 2 mm/8 ± 2 mm in the closed-wedge HTO group and 3 ± 2 mm/6 ± 2 mm in the open-wedge HTO group. At last follow-up, the widths were 4 ± 1 mm/8 ± 2 mm and 4 ± 1 mm/6 ± 2 mm in the closed-and open-wedge HTO groups, respectively. There were no significant differences in the pre-operative values within or between any of the groups.
TIBIAL SLOPE (TIBIAL INCLINATION)
Pre-operative values for tibial slope were 7.5°± 3.0°in the closed-wedge HTO group and 9.0°± 4.0°in the open-wedge HTO group. The mean ± SD tibial slope post-operatively in the closed wedge HTO group was 7.0°± 3.0°giving a change of -0.5°(not statistically significant). The mean ± SD tibial slope in the open wedge HTO group post-operatively was 12.0°± 5.0°giving a significant change of +3.0°± 5.0°versus the pre-operative values (P = 0.017). These values were similar at the last follow-up examination and showed a significant difference in the sagittal alignment between the closed-and openwedge groups (P = 0.000) ( Table 1 , Fig. 5 ). The open-wedge technique seemed to affect the tibial slope directly and significantly after the operation. 27 The tangent to the medial tibial plateau is considered to be the proximal reference line (A). This is the line connecting the highest anterior and posterior points of the medial plateau. The second reference is the axis of the tibia, defined as a line through the middle of the shaft at 10 and 20 cm (B). 27 The angle between these two lines is the tibial slope (C) 
ADVERSE EVENTS

Discussion
Lower limb alignment is of paramount importance for static and dynamic joint load. Varus angulation can lead to medial overload with cartilage deterioration and early degenerative changes. 23, 28 Patients with OA of the medial compartment with a varus deformity can be successfully treated using HTO. 1 -6,10,11 Many different surgical techniques as well as implants have been used, each with inherent advantages and disadvantages. Closed-wedge osteotomies have been used for a long time with satisfying results, 1 -5 however potential complications include peroneal nerve or popliteal artery lesions, deep vein thrombosis and lung embolism as well as non-union or intra-articular fractures. 3 Open-wedge techniques have been introduced to try to overcome these complications and are now commonly used by many orthopaedic surgeons. 9, 10 There are, however, some concerns about reported complications with these techniques. For example, Spahn 15 described a complication rate of 43.6% after open-wedge HTO and Warden et al. 29 found delayed union in 6.6% of cases and non-union in 1.6% of cases following 182 open-wedge HTO procedures. Additionally, Staubli et al. 19 described hyposensitivity in the area of the infrapatellar branch of the saphenous nerve in 10 out of 92 patients.
A loss of correction in the frontal plane is possibly one of the most common problems identified at follow-up in both open-and closed-wedge HTO. 3, 9 Magyar et al. 9 described a 2 -3º loss after 2 years in open wedge osteotomies and, therefore, recommended a slight over-correction intraoperatively to improve the long-term results. In this study, there were only slight changes in the frontal plane alignment at the last follow-up, with an over-correction in closedwedge HTO and a loss of correction in openwedge HTO of < 1°. This finding implicates that the stability of the osteotomy was not a problem in either group.
In addition to changes of the frontal plane, Çullu et al. 17 described a significant change in the sagittal alignment after focal dome osteotomy. In another study, Marti et al. 21 described a tendency to an increase in posterior tibial slope after open-wedge HTO. A significant increase in the posterior slope in the open-wedge HTO group directly after surgery was seen in the current study and this supports the conclusion that the openwedge technique is inherently prone to increases in the tibial slope.
There is a tremendous amount of data on the importance of the posterior tibial slope as it directly affects knee joint kinematics. 8, 22, 23 Giffin et al. 22 concluded that increasing the slope may cause an anterior translation of the tibia in relation to the femur which is even more accentuated under axial loads. Such a force stretches the anterior cruciate ligament (ACL) and is especially unfavourable in an ACL-deficient knee where an ACL reconstruction is performed together with the osteotomy, simultaneously or staged. 30 Agneskirchner et al. 23 concluded that an increased tibial slope has a strong influence on cartilage pressure and knee joint kinematics. Additionally, retrospective controlled studies have found that patients who had an increased tibial slope had more TK Schaefer, M Majewski, MT Hirschmann et al.
Open-and closed-wedge osteotomy posterior tibial cartilage erosion than those with a normal tibial slope. 4, 31 The importance of the tibial slope is also shown in the studies of Slocum and colleagues, 24 -26 who treated ACL lesions in canines with a slope-changing osteotomy to regain stability without ACL reconstruction.
In the present study, neither significant frontal nor sagittal plane changes were seen in the closed-wedge HTO group. Immediate stability of the osteotomy seems to be an advantage of the HTO technique of Müller et al., 16 and they identified a remaining bridge of 1.5 cm on the medial side and direct cortex to cortex contact on the lateral side (without any step at the level of the osteotomy) as key factors. Immediate stability has also been achieved by using implants with angular stability for openwedge HTO. 18 -20 Widening of the joint space was also assessed in the present study: this parameter may indirectly reflect reduced stress to the medial compartment. As expected, the medial joint space was wider in both groups after osteotomy. There was no significant between-group difference.
In conclusion, the two techniques of HTO (closed-and open-wedge) used in this matched-pair study proved to be effective and safe methods to correct varus deformity. Over time, a high level of stability in the frontal plane correction was observed in both methods. In contrast, there was significant change in the posterior tibial slope (sagittal alignment) directly postoperative after open-wedge HTO. This difference may be particularly important in ACL-deficient knees. As no significant loss of correction was shown, this finding is more probably related to the surgical technique than to the implant itself.
